The exposure to hexachlorocyclohexane (HCH) isomers has been a concern to public health, because of their persistence, toxicity and carcinogenicity. Blood of agrochemicals retailers were analyzed for HCH -isomers and metabolite in selected retail outlets in North and Southern senatorial district of Taraba, Nigeria. The retailers were group into five exposure duration based on their years of involvement in trade viz; 1-5years, 6-10years, 11-15years, 16-20years, ≥ 21years.The residues analyses shows that 45 (50) retailers had residues of α -HCH, β -HCH, γ -HCH, δ -HCH, chlordane and Heptachlor in their blood. 90% of the retailers had α -HCH at mean concentration of 0.0087mg/l, ranged from n.d-0.0511mg/l.64% β -HCH(mean=0.0116mg/l, range=n.d-0.0411mg/l), 74% γ -HCH(mean=0.0180mg/l, range=n.d-0.050mg/l),4% δ -HCH(mean=0.0002mg/l ,range=n.d-0.050mg/l), 54% chlordane(mean=0.0017mg/l,range=n.d-0.0017mg/l) and 2%Heptachlor(mean=0.0009mg/l,range=n.d-0.0059mg/l).The total content HCH isomers(sum of α, β , γ and δ HCH ) in the whole blood samples was 0.0382mg/l and ranged from 0.0100-0.1214mg/l. The observed trend for all the HCH isomers and metabolite were of no adverse and comparatively lower than the NOAEL and results from other findings. In conclusion, agrochemicals retailers in Taraba, Nigeria are occupationally exposed to and carry a body burden of pesticide, due to the sales, and handling of pesticide in stores.
INTRODUCTION:
Hexachlorocyclohexane (HCH) and lindane were used as Organochlorine insecticide since 1949's, against sucking and biting pests and as smoke for control of pests in grain stores, as dust to control various soil pest such as flea beetles and mushroom flies. HCH were progressively banished in most of the nations in the worlds, because of their persistence and their potential toxicity and carcinogenicity (Fabre el al. 2005) . Farm works and retailers of Agrochemicals in the third world counties are at high risk for pesticide related illness. Generally, pesticide usage and handling is fraught with problem of undesirable side effect.
In developing counties agrochemical are carelessly handled and personal protective equipment as well as adequate clothing are seldom used by retailers and also lack of government and public concern, lack of stringent regulation, low standard of living, poor education and illiteracy in rural areas are factors that contributed to make occupational exposure to pesticide a major public health problem in less developed counties (Hotton el al.2010) . HCH consists of eight isomers, only γ -HCH, α-HCH, ß-HCH, and δ-HCH are of commercial significant and considered in this profile as well as technical. Technical grade HCH is not an isomer of HCH but rather a mixture of several isomers. It constituted of approximately 60-70% of α-HCH, 10-15% of γ-HCH, 6 -10% of δ-HCH, 5-12% ß -HCH, 3-4% of ε -HCH and traces of λ-HCH. It has insecticide properties because of the γ-HCH Isomer. More than 10 million tons of technical HCH were used in the world (Fabre el al. 2005) .Research have documented the presence of biologic markers of pesticide in adults and children in agricultural communities (Needham et al,2006; Arcury el al 2007 Arcury el al , 2006 Perera el al, 2006; Rauth el al, 2006; USEP, 2006 ; Lu el al, 2008) . HCH isomers were also recovered in human and animal tissues showing the persistence of their compounds (Fabre et al, 2005) .
The toxicity, bioaccumulation and the persistence of the HCH isomers are the problem of human and animal health. When a person is exposed to them, body detoxification mechanisms are activated. Some are metabolized into different chemical and excreted and some are store in fatty tissue in the body. The wider spread sales and retailing of pesticide in stores located in Open Markets Street and residential area of Taraba Nigeria is at increase. Whose stores were designed to accommodate the pesticide and sales attendance with poor or no cross ventilation not minding the high temperature profile of the region, pesticide volatility and exposure pathways? To this end there were several uninvestigated cases of threat to public health associated with the retailing of pesticide in Nigeria (Hotton et al, 2010) .
Hence, the knowledge of biological levels of these contaminants in human blood is necessary for the risk assessment of adverse health effects and for the identification of vulnerable groups. The present study was undertaking to determine and quantify the levels of HCH isomers in the blood samples of Agrochemicals Retailers in Taraba Nigeria.
MATERIALS AND METHODS

Recruitment :
The study was conducted in the North and Southern Senatorial districts of Taraba, Nigeria in May 2010. Potential subjects were initially identified using a site-based sampling approach (Arcury,et al 1999) . This approach first identified locations where pesticide retail outlets were predominantly found in the two districts which comprise, Jalingo, Mutum Biyu, Garba Chede, Wukari-Ibi, Donga, Maraba-Donga, Takum, Bali and Lau. To be eligible for the study the retailer most have a minimum of one year in the same trade.50 retailers were recruited one on one through word of mouth from 50 different retail outlets mapped out for the study across the two districts. The researches returned to the sites at the appropriate time and were introduced to the subjects by the support and partnership of the leadership of Agrochemical Dealers Association of Nigerian, Taraba State chapter. The chapter did not provide any financial assistance in recruiting subjects except for granting permission for enrollment. Retailers were eligible to participate in the study if they had not worked in agriculture or involved in any fumigation exercise during previous 12 months.
Sampling methodology: Venous blood (10ml) of 50 agrochemical retailers selected for the study were collected with the technical assistance from the department of Hematology Federal medical centre Jalingo, Taraba State Nigeria .Prior to obtaining blood at close of work all donor washed their hands and arms with soap and water to remove any contamination. After drying with tissue paper, the skin was swabbed with an alcohol-based tissue swab before sampling. Blood samples were collected in residue free heparins 20ml glass vials containing 200 USP units of heparin in 0.2ml solution with the help of sterilized syringe. Blood samples were label appropriately and transported in dry ice to the laboratory and stored at-20 o C until analyzed.
Sample extraction and clean up:
The samples were analyzed for organochlorines using U.S EPA. Method 8081A by Gas chromatography. Extraction was based on the method followed by Agarwal el al, 1976 . Blood (5ml) was diluted with 25ml distilled water and 2ml of saturated brine solution added and transferred to a 125ml capacity separatory funnel and extracted with hexane: acetone (1:1) (20ml) thrice by shaking the separatory funnel vigorously for 2-3min releasing the pressure intermittently . The layers were allowed to separate; the three combined extracts were passed through anhydrous sodium sulfate and concentrated to about 1-2ml using rotary vacuum evaporators. Clean up was done by U.S EPA. Method 3620B -Florisil clean up by column chromatography. Florisil was activated overnight at 130 o c and cooled in a desiccators before use.
Insecticide residue determination:
Weight of florisil taken was predetermined by calibration using lauric acid. 1g florisil was packed in the 20cm length and 12mm ID glass chromatographic column, anhydrous sodium sulfate was added to the top of the florisil column (0.5 cm) and the column was pre-eluted with hexane and discarded .The extract were transferred to the column and eluted with hexane (10ml), 6% diethyl ether in hexane (10ml). Eluent was collected and evaporated to dryness. Final samples were prepared in 2ml hexane (HPLC grade). Quantification of HCH isomer residue level was done by shimadzu -17A series Gas chromatograph equipped with 63 Ni selective electron capture detector .Quantitative analysis of HCH residue in each sample was done by comparing the peak heights with those obtained from a chromatogram of a mixed HCH Isomers standard of known concentration. The average recoveries of fortified samples were exceeding 95%. An aliquot of reagent grade water was treated exactly as a sample including exposure to all glass ware, equipments, solvents and reagent used with the sample matrix.
No analyte peak was detected in laboratory reagents blank. Blood samples were analyzed based on the categorization of the agrochemical retailers on their years of exposure duration.
Data analysis: All samples were successfully analyzed for pesticides. Description statistics (mean and percentages) was used to analyze the data.
RESULT
The grouping of agrochemical retailers whose blood samples were taken for HCH isomers residues analysis is presented in Table 1 . The grouping shows the distribution of the retailers that had residues in their blood on the basis of their years of involvement in the sales of agrochemicals. Out of the 50 retailers assessed, 24% of the retailers were within the 6-10 years and ≥ 21 years categories respectively, while 14%, 18% and 20% were in the 16-20 years, 11-15 years and 1-5years respectively. All the retailers in the grouping had residues of HCH isomers in their blood except for some few retailers. There were more male retailers 32 (64) in the study than the female 18 (36). Table 2 shows the general mean concentration of HCH isomers detects in the blood samples of Agrochemicals retailers. Among the HCH isomers analyzed in whole blood samples, the mean levels of α, β γ and δ-isomers of HCH were 0.0087mg/l, 0.0116mg/L, 0.0180mg/L and 0.0002mg/l and ranged from n.d -0.0511mg/l, n.d -0.0411mg/l, n.d -0.0901mg/l and n.d -0.0500mg/l respectively. The mean values of t -HCH, chlordane and Heptachlor were 0.0382mg/l, 0.0017mg/l and 0.0009mg/l and ranged from 0.0100-0.1214mg/l, n..d -0.0017mg/, and n.d-0.0059mg/l respectively. Table 3 gives the overall variation of the mean concentration of hexachlorocyclohexane isomers detects (mg/l) among the grouping of agrochemicals retailers.
The mean concentration of α -HCH, β -HCH, γ -HCH, δ -HCH chlordane and Heptachlor residue for the grouping 1 -5years, and 6 -10 years were (0.0064mg/l, 0.0034mg/l, 0.0010mg/l, n.d, 0.0084mg/l, 0.0020mg/l and n.d) and(0.0072mg/l,0.0093mg/l,0.0110mg/l, n.d, 0.0256mg/l, 0.0003mg/l,0.0001mg/l and n.d) respectively.
While the grouping 11 -15years, 16-20 years and ≥ 21 years had mean concentration of (0.0060mg/l,0.0132mg/l, 0.00135mg/l, 0.0001mg/l, 0.00300mg/l, 0.0032mg/l and 0.0110mg/l), (0.0113mg/l, 0.0140mg/l, 0.0118mg/l, n.d, 0.0240mg/l, 0.0014mg/l and n.d) and (0.0148mg/l, 0.015mg/l, 0.0185mg/l, 0.0010mg/l, 0.0366mg/l, 0.0104mg/l and 0.0030mg/l) respectively. Table 3 . The findings reveals also that there is a trend in insecticide accumulation in the blood of the retailers that seems dependent on the years of exposure which agrees with the report of previous research on cocoa farmers in West eastern Nigeria (Sosan et al, 2008) .Comparing the residue levels with the no observable adverse effect level (NOAEL) it can be deduced that the mean of γ -HCH in all the categories were far below the NOAEL. The codex /JMPR gave the Adverse daily intake (ADI) for humans estimated to be 0 -0.008 mg/kg body weight (FAO, 1989) . The mean values obtained ware lower than the levels previously reported in Delhi population which were 50 ng/ml (Nair el al, 1996) and the studies of Pathak el al, (2008) in North India population.
β -HCH was detected in 64% of the blood samples analyzed at mean concentration of 0.0116mg/l and ranged from n.d -0.0411mg/l. β -HCH is only a minor component ( 5-6%) of the technical HCH but it is the most persistent HCH isomer in the human body (WHO 1992) . It is eliminated more slowly from the body than the γ -HCH isomer. An MRL of 0.05 mg/kg / day has been derived for acute duration (14 days or less) oral exposure to β -HCH in rat. It accumulates 10 to 30 times more in fatty tissues than lindane. The high percentage of detect among the retailers could be linked to frequent exposure of the retailers to the pesticide during sales and unethical dispensing to smaller containers to peasants farmers who cannot afford to buy much. The high percentage detects recorded calls for concern and steps need to be taken to prevent further residue accumulation in the body of the retailers. The values of β -HCH in the blood of agrochemicals retailers from Taraba where lower than values obtained from Punja as previously reported by Muthur et al (2005) . The low mean values obtained may be a result of discontinuation of HCH use in public health programmers in Nigeria and restriction imposed on the use of these pesticides in agriculture.
The studies also reveals that all the female retailers representing 36%, whose blood concentration were measured in the present study had residues of HCHisomers in their system, this however need to be caution in that, the storage of these toxins in fat is a problem of greater concern in women because of their higher percentage of body fat, hormonal changes that occur during pregnancy, lactation and menopause result in mobilizing internal status of pollutants many years after exposure (Falcon el al. 2004) . Torres el al (2006) reported that newborns are exposed to pesticide through placenta transmission as well as breast feeding. α -HCH was detected in 90% of the subject at mean level of 0.0087 mg/l and ranges from n.d-0.0511 mg/l. α -HCH and β-HCH are readily absorbed and may be toxic by mouth, by inhalation and by skin contact. They act primarily on the liver and the central nervous system. Symptoms of overexposure include decreased activity, trembling, dysphonic and convulsions (WHO, 2006) . Interestingly the mean values in these studies were below NOAEL. The chronic oral Maximum Residue Limit (MRL) for α -HCH is based on a NOAEL of 0.8mg/kg/day and LOAEL of 3.5mg/kg/day for liver effect in rat. The 90% detects among the retailer is a pointer to occupational exposure in workplace. This may be as a result of inhaling the pesticide vapour emanating from the contained due to high temperature profile and humidity of the region, or dermal contact as a result of spill, accident or during the unethical dispensing without protective clothing as rightly observed during the field survey among other factors. (Hotton el al, 2010) Heptachlor is an organochlorine cyclodiene insecticide, a moderately toxic compound as classified under U.S EPA toxicity class II, used primarily by farmers to kill termites, ants and soil insects in seed grains and on crops. This was detected in the blood samples of one (1) retailer representing 2% of the entire subjects, with a mean value of 0.0009mg/l and was categorized within the 11 -15 year duration of exposure. It has an oral acute toxicity of LD 50 100 -200mg/kg in rat with an ADI value of 0.0001mg/kg / day. The mean values in this study were considerably low compare to the values obtained in Punja by Murthur el al. (2005) . The low detects among the retailers may be attributed to its restriction in Nigeria. Health effect due to heptachlor exposure may include hyper excitation of the central nervous system, liver damage, and lethargy, in coordination, tremors, convulsion, stomach pain and coma.
Chlordane is an organochlorine pesticide. EPA has classified it as a Group B2, probable human carcinogen. Detected in blood samples of 26(50) retailers representing 54%, at mean concentration of 0.0017mg/l and ranged from n.d -0.0017mg/L. Despite the restriction of this pesticide. It worth noting that its residues still reflect in the grouping 1 -5years, 6 -11years, 16 -20 years and > 21 years. The results revealed that this product is still in circulation. An occupational study reported an association between chlordane exposure and non-Hodgkins lymphoma, while animal studies indicate that single doses of chlordane administer orally are well absorbed extensively metabolized, distributed throughout the body, almost completely eliminated in 7 days and leave residue in several tissues predominately fat. Documented health problem can include child cancer, neuroblastoma, leukemia, chronic infection, bronchitis, asthma, infertility, neurological disorders, aggression and depression (U.S EPA, 1997). A survey conducted by U.S Food & Drug Administration (FDA) determined daily intake of chlordane form food to be 0.0013 µg/kg body weight for infant and 0.0005 -0.0015 µg/kg body weight for teenagers and adult. The ADI value with the mean concentration of our findings, it shows that the values were far below the ADI. The occupational safety & health Administration (OSHA) maximum allowable level of chlordane in workplace air is 0.5mg/m 3 for a person who is exposed for 8 hours per workday. Unfortunately, due to the lack of obvious odor of chlordane or easily administered test most retailers are unaware of it in the indoor air they breathe hour after hour (ATSDR 1994).δ -HCH was detected in two samples representing 4% of the samples analyzed. The observed trends for t-HCH isomers are comparatively lower than the report from Punja (Murthur, 2005) 
CONCLUSION
In conclusion, the result of the present study confirm, that the total number of hexachlorocyclohexane isomers detected in the blood samples of agrochemicals retailers in Taraba, Nigeria indicate that each retailer is exposed to and carries a body burden of pesticide which might be due to a combination of direct and indirect exposure to the sales, storage and handling of pesticide in stores. The need however for retailer awareness on the hazard and safety measure to be intensified via adequate enlightenment and training by regulatory bodies and private sector partnership in Nigeria.
